www.apn-gcr.org/bulletin
. Urbanization results in severe environmental deterioration (Honda et al., 2016; because countermeasures, which need policymaker approval, are not able to keep pace with the change (Bausch & Schwarz, 2014; Hsu, Shih, Hung, & Lowry, 2015) . Advancements have been made, but the difficulty lies in the application of existing information to solve this complex problem.
In Sri Lanka, the National Policy on Rain Water
Harvesting was officially implemented in 2005. As India is facing water management problems in many regions, it should make rainwater harvesting mandatory under municipal and urban council jurisdiction within a prescribed period. The National Water Policy (NWP) [2002] mandates each state to formulate a water policy in consonance with local conditions. According to NWP, urban society is the most significant generator of wastewater.
Specific targets need to be set for recycling and reuse in which sewage is seen as a resource. Planners must firmly project their viewpoints on the utility of water for both urban development and the sustainability of a region.
In many developing countries like India and
Sri Lanka, there is no clear policy on reclaimed water usage. Unfortunately, such policies mainly remain on paper and are not successfully implemented due to a severe lack of awareness and active participation of all stakeholders. In diverse countries like India and Sri Lanka, the percentage of economically challenged stakeholders is too high, and safe water and food security are becoming critical issues. The governments need to be informed about the practicality of water policies. A relevant scientific assessment is needed, and social challenges understood to increase awareness and develop comprehensive guidelines and incentives. The approach must minimize discrimination based on caste, creed and affiliations. Coordination among agencies is required for safe and sustainable water supplies.
Climate change affects global precipitation patterns, which can lead to habitat problems. Hence, approaches are needed that can at least mitigate the effect of climate change. Managing water resources using an integrated approach is critical to minimize adverse social, economic and environmental impacts while meeting the increasing demand for safe water. IPCC (2014) stated, "water and its availability and quality will be the main pressures on and issues for societies and the environment under climate change". When we plan for future water supplies, the global picture becomes less important than the effect of climate change on safe water availability and sustainability in a specific region.
The occurrences of multi-drug resistant microbes, pathogenic viruses, metals, and Pharmaceuticals and Personal Care Products (PPCPs) in urban waters have become the crux of urban sustainability issues. However, vulnerability due to their concurrences, source apportionment, and identification of better indicators needs to be better understood. Sri Lanka witnessed a 36% increase in PPCPs use between 2000 and 2010 (Kühn et al., 2005) . It is estimated that between 2010 and 2030, global consumption of antimicrobials will increase by 67% (63,151 to 105,596 tons) (Ferreira da Silva, Vaz-Moreira, Gonzalez-Pajuelo, Nunes, & Manaia, 2007) . The accelerated consumption of antibiotics has influenced microbial ecology (Jiang et al., 2013) , demonstrated by the detection of antibiotic resistant bacteria (ARB) and antibiotic resistance genes (ARG) in municipal solid waste leachate, sludge (Jiang et al., 2013) , sediments (Klein et al., 2018 ), wastewater (Van Boeckel et al., 2015 , surface water (GARP, 2011), drinking water and groundwater (Kümmerer, 2009) , perhaps the most serious concern is the release of ARGs from urban Waste Water Treatment Plants (WWTPs). However, studies on ARB and ARGs in developing countries are very limited and there is none from Sri Lanka.
The present study focuses on vulnerability assessment of urban waters in Guwahati, the largest city in Northeastern India, and Colombo, the coastal National Capital Territory of Sri Lanka, through analyzing the concurrence of PPCPs, enteric viruses, antibiotic resistant bacteria, metals, faecal contamination, and ARGs. Guwahati, selected among cities under the Smart Cities Mission by the government of India has witnessed rapid and unplanned growth of urban land use owing to migration for jobs, facilities, business opportunities, and education leading to a population of about 968,549 (2011 census) within a limited geographical space (~328 km 2 ).
The state capital, i.e. Guwahati is thus facing a severe freshwater availability issue owing to heavy dependency on groundwater exhibiting unprecedented depletion and deterioration in the last two decades. On the other hand, Colombo, the commercial capital and metropolitan city of Sri Lanka with a population of 5.6 million, is a popular tourist destination and financial centre of the island. It has one of the largest artificial harbours in the world and handles the majority of Sri Lanka's foreign trade.
Many industries are situated on the city's periphery (Mahagamage, Chinthaka, & Manage, 2016) . Such setup greatly enhances the vulnerability of urban waters.
The overarching goal is to propose a way to achieve sustainability of water resource management by understanding the processes governing water storage and supply. This requires analysis of urban spread, changes in land use and land cover, as the developing countries modernize infrastructure to meet the demands of employment and essential amenities for residents. The present work estimates health risk based on an understanding of proposed for a safe water supply system that is more adaptive to changes in population and climate.
MethodoLogy

Sampling
Surface waters in India
The Brahmaputra River is a perennial transboundary tropical river that crosses four countries (India, China, Bangladesh and Bhutan) and is fourth largest in the world in average discharge at its mouth (Pervez & Henebry, 2015) . The Brahmaputra experiences annual floods from June to September. The Bharalu is a tributary of the Brahmaputra that traverses the dense urban sprawl and is now restricted to serving as unlined urban drainage. Pollutants flowing through Guwahati enter the Bharalu tributary and the Brahmaputra River. The flow rate of the Brahmaputra River is about 10-15 times faster than the Kelani River in Sri Lanka.
Surface waters in Sri Lanka
The Kelani River is the fourth longest river (144 km) in Sri Lanka that flows to the west coast through Colombo city. The basin receives an annual average rainfall of approximately 2,400 mm with a major contribution from the southwest monsoon period (May-September). The basin area is approximately 2,230 km 2 .
The Kelani river has been identified as the most polluted river due to its flow through areas with high population densities (Herath & Amaresekera, 2007; Liyanage & Yamada, 2017) . It is a drinking water source for approximately 80% of Colombo municipals. The upper basin is primarily covered with thick vegetation, including tea, rubber, grass and forest, whereas the lower basin is heavily urbanized. Various industries are located along the riverbanks. Colombo's drinking water is threatened due to industrial and domestic discharge, particularly as some of the pollutants are difficult to remove by available treatment processes (Herath & Amaresekera, 2007) .
The Gin River is a major river in the Southern Province 
Analyses
Surface water locations in India and Sri Lanka ( Temperature and Salinity strategic sampling locations in each city were selected. In general, the rivers were sampled before, during and after entering in the urban areas. Locations with confluence points of major drains were also sampled. Sampling locations are shown for the Sabarmati River (S1-S3) ( Fig. 1a ), Brahmaputra River (B1-B4) and Bharalu tributary (T1) ( Fig. 1b ), Kelani River (K1-K4), Wellawatta Canal (W1) (Fig. 1c ), Gin River (G1, G2) Moda Ela (Md1) and Moragoda Ela (Mr1, Mr2) ( Fig.   1d ). Metals were analysed by ICPMS (PerkinElmer's NexION® 2000) . To ensure quality control, blanks were prepared for the dilution buffer, monitor kit, and media.
Isolation of E. Coli
Strains of E. coli were isolated and separated from water samples using a membrane filtration method.
E. coli colonies were identified by staining. The number of E. coli colonies per mL of water sample (cfu ml -1 ) was obtained by counting dark blue colonies and other coliforms by counting pink to red colonies. The total coliform count is the sum of E. coli and other coliforms.
Antibiotic susceptibility
The isolated E. coli colonies were evaluated for using the KB disk diffusion method (Honda et al., 2016) .
The diameter of growth inhibition of E. coli colonies on the plates was used to estimate the level of resistance.
Screening for antibiotic resistance genes (ARGs)
Two litres of water were collected in sterile plastic pouch bags at each sampling site and kept cold during transport to the laboratory. Upon arrival, samples were filtered through polycarbonate membrane filters.
The filters were then soaked with 500 µL of 2X DNA/ RNA shield (ZymoResearch, USA) for DNA preservation. The DNA was extracted using the FastDNA™ spin kit for soil following the kit protocol (MP Biomedicals, LLC, Ohio, USA). The quantity and purity of the extracts were measured by the absorbance method (Eppendorf, Germany). DNA samples had absorbance ratios of λ260/ λ280 ≥ 1.78. Antibiotic resistance genes were amplified by polymerase chain reaction (PCR). The PCR was performed in a thermal cycler (BioRad 2720) for 30 cycles. Six classes of ARGs were selected based on antibiotic mechanisms using specific primers.
Climate models
Two models were selected from among 61 climate was extracted with 0.25-degree resolution. Also, the past reproduction data of air temperature (24×36 grids) was extracted with a 0.25-degree resolution, but we could extract the air temperature (6×9 grids) for the future with a coarse resolution of 1 degree. The prevalence of E. coli ranged from 10-27 cfu ml -1 in the Kelani River, 24,267-76,600 cfu in the Sabarmati and from below detection to 49 cfu ml -1 in the Brahmaputra River. Most E. coli isolates were resistant to multiple antibiotics, and the resistance percentage was higher for older generation antibiotics like tetracycline and sulfamethoxazole. The Brahmaputra River showed higher resistance to all antibiotics than the Sabarmati, Kelani and Gin rivers. However, resilience was also highest in the Brahmaputra River owing to its dilution capacity and processes like sedimentation, adsorption, photodegradation and microbial-mediated activities (Fig. 2) .
Statistical analyses
Two sites of the Brahmaputra River within Guwahati city exhibited near 100% resistance to all antibiotics except tetracycline, which is a severe environmental health concern.
The antibiotic resistance genes gyrA, tetW, sul1 and ampC were detected in the Kelani River, while aac- 
prevalence of ARb and ARgs in Sri Lankan wastewater with reference to India
Although wastewater treatment resulted in greater than a 1.06 log reduction in E. coli at all WWTPs, the percentage of E. coli resistant to most of the antibiotics increased from influent to effluent. ARB, ARGs and multidrug resistance, were more prevalent in hospital WWTP owing to higher antibiotic concentrations used and excreted by patients. WWTPs in Sri Lanka showed more ARB than India, with consistent increases after treatment, but were less resistant to fluoroquinolones.
In both countries, almost all sampling points contained E. coli strains with multidrug resistance, which increased after treatment (Fig. 3) , and was strongly correlated with fluoroquinolones in every WWTP. Fluoroquinolone resistant genes (aac-(6′)-1b-cr, qnrB, qnrS), β-lactams (ampC), and sulphonamides (sul1) were detected in municipal WWTPs with additional genes for parC in the hospital wastewater of Sri Lanka, implying much higher resistance to fluoroquinolones, especially ciprofloxacin.
Multivariate analysis suggests effluent showed higher loadings and association for ARB and multidrug resistance where pH change and longer interaction with metals during the treatment processes seem to have profound effects.
occurrences of ppcps and viruses
Samples from the Brahmaputra (n=4), urban drains (n=3), and the Ramsar site Dipor Bil (n=1) exhibited an order of prevalence for PPCPs as: caffeine > acetaminophen > theophylline > carbamazepine > crotamiton and for enteric viruses as PMMoV > aichi > hepatitis A > norovirus GII > norovirus GI (Fig. 4) . PMMoV was an effective indicator of faecal pollution due to its prevalence, specificity and ease of detection. The prevalence of PPCPs among samples was similar to faecal bacteria and viruses . PPCP concentrations were high in drain samples and very low in lake and river water. PPCPs are directly associated with raw sewage and thus were not detected in the upstream or downstream of the Brahmaputra, owing to self-purification of the river.
PMMoV was the only virus detected in all river samples.
Cost-effective technologies are needed to reduce levels of resistant genes in drinking water systems. Research on the bacterial strains in biofilms within water network systems is critical to understand and manage selection pressure stemming from treatment methods that enhance resistance.
Associations among conventional and emerging water quality parameters
PCA loading (Fig. 5a ) and HCA clustering (Fig. 5b) suggest associations of faecal contamination (coliform) with electrical conductivity (EC), carbamapzine variation in precipitation is not much, but there are quite a few monthly variations. The CSIRO model predicted a decrease in maximum monthly precipitation and number of rainfall months. With the MIROC model, the maximum monthly precipitation for both present and future years is more or less the same and the number of rainfall months remain the same.
There has been an increase in temperature of approximately 1.5°C over the past 50-60 years. Both models showed an increase in yearly temperature relative to the temperature of past years. However, temperatures predicted by the CSIRO model were comparatively higher than by the MIROC model. Monthly temperature prediction also showed the same pattern with both models. The CSIRO model indicates that temperature may rise as high as 38°C while the high is 32°C with the MIROC model.
Overall, the temperature is predicted to increase, with maximums and minimums for current and future years of 29°C and 30°C, and 27°C and 28.8°C, respectively. Temperature and precipitation predictions by MIROC may be more accurate than CSIRO based on root mean square errors of 3.3 (MIROC5) and 4 (CSIRO).
The most pertinent question is how the scenario of projected population growth and land-use change will impact water quality vulnerability, treatment resilience, and cope with changes due to climate change.
Importantly, how will all of this impact the livelihood of people residing in these areas? Some likely changes may be reflected in terms of inundation and more sewer overflow contaminating water resources. Further, as photodegradation is a significant pathway of PPCPs degradation and bacterial growth diminishes at lower temperatures, it is likely that with increasing temperatures owing to climate change there will be an associated increase in bacterial growth and breakdown of PPCPs, implying some future influence on the resistant capability of microbes.
Resilience strategy and framework for both watersheds
To prepare a resilience strategy and framework, the previous master plan for Guwahati city and people's perceptions were evaluated. A sample of 110 households (414 people) was surveyed for public perception and awareness of environmental pollution and water use.
people's perception
This survey aimed to assess the quality of life conditions and perceptions of present environment pollution and satisfaction with its management (Fig. 6 a to d) .
Overall, people were well aware of water supply limitations and had faith in the public health department in that, without the proper treatment, they would not supply water to the population. People were informed about household filters that can help avail safe potable water, but awareness of emerging contaminants was much less.
Only 11% needs to be positively instilled in a meaningful manner for which a roadmap is required . fIguRe 9. A framework for the participation of all stakeholders in planning and their roles in the implementation process (Kumari, 2019) .
Roadmap 3030: Vision for future decision-makers
Years Milestone Strategy Stakeholders 2018
1 Appoint the Kelani River Management Committee. (less than 1 month) 1: Government, factory, citizen, researcher.
Milestone1:
Investigate the current situation and establish policies. » Increased navigation, inland water transportation and river tourism would lead to the cleaning of the river by dredging.
concLuSIon
A multi-disciplinary approach requires the participation of scientific experts, engineers and architects, designers, planners, researchers and social scientists ( Fig. 9) (Kumari, 2019) . Local communities also need to be involved to ensure everyone has a voice. Guwahati and Colombo have many common problems and thus similar needs. Both cities need to enhance voluntarily public participation by frequently organizing authoritial events. Such events should firstly address social aspects and establish committees with varied expertise.
Furthermore, everyone involved must understand that water resources are limited, and depend on the efficient functioning of "unlimited loops" (Fig. 10) . Thus, assessment of emerging contaminants along with hydrological parameters may lead to the development of a resilience strategy and actionable framework for environmental safety and sustainability.
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